A MAJOR theory as to the pathogenesis of atherosclerosis considers the necrotic and calcine vascular changes to be secondary to repeated thromboses ineffectively neutralized by normal fibrinolytic processes. 1 Duguid and Robertson 2 have presented evidence indicating that many of the lesions we classify as atherosclerosis are arterial thrombi which, by the ordinary process of organization, have been transformed into fibrous thickenings. Willens* also noted that diffuse intimal thickening was more pronounced in arteries that commonly develop atherosclerosis than in those that are infrequently involved.
The resolution of small thrombi and fibrin deposits in the vessels is considered to be a process occurring regularly in the normal organism because of the recurrent minor injuries produced during the stress of daily life and the consequent release of thromboplastic agents from the tissues. It seems quite possible, since atherosclerosis usually appears at points of stress and narrowing within the vascular system, that vascular tissue injury may initiate the deposition of fibrin upon the intima. In this respect, one might postulate that local tissue enzymes also function in the removal of the resultant fibrin deposits.
Numerous human tissues are known to contain a tissue-activator of plasminogen, 4 which is postulated to function in the removal of blood clots or other pathological fibrin deposits from tissue parenchyma. Until the recent studies of Astrup and co-workers, 5 '" this activator had not been investigated within arterial tissues. The purpose of this paper is to present the results of a study involving plasminogen-activator activity of arteries.
Methods
Samples of human arteries (aortic arch, abdominal aorta, basilar, coronary, pulmonary, and renal) were obtained at autopsy and studied immediately for plasminogen activator. The specimens of coronary and aorta were graded according to the degree of atherosclerotic involvement, as follows: none, slight (fatty streaking of intima), moderate (intimal plaques with ulcerations), and marked (intimal ulcerations and calcification of the wall). Areas of the vessel that were least involved in the atherosclerotic process were tested, but the grading was for the most markedly involved areas.
Plasminogen activator was measured in duplicate by means of a modification 7 of the fibrin-plate method of Astrup and Mullertz. 8 Three and fivetenths ml. of a 0.2 per cent bovine fibrinogen* solution containing 50 nig. per cent of chloramphenicol was clotted by 0.1 nil. of 0.2 per cent bovine thrombint in a Petri dish 6 cm. in diameter. Disks of the specimen measuring 5 mm. in diameter were obtained with a 5-mm. Keyes skin-punch tool. Inasmuch as we have observed the presence of plasminogen activator in fat, each disk of tissue was cleaned of fat and loose connective tissue and placed upon its adventitial surface in the center of the fibrin clot. After incubation for 24 hours at 37 C, a measure of activity in units was obtained by multiplying two perpendicular diameters in millimeters across the zone of lysis. The values obtained for duplicate specimens were then averaged. Occasional specimens produced minimal, irregular areas of lysis extending less than 2 mm. from the edge of the tissue and were recorded as "trace" activity. A lack of activity was recorded as zero, despite the fact that the area occupied by the arterial disk resulted in a minimum value of 25 units, but it was not thought necessary to subtract this amount from each result.
Since the level of activity of a tissue specimen appears to vary with the batch of fibrinogen substrate, it was found necessary to prepare a sufficient amount of the substrate initially, so that it would not be necessary to switch during the course of a continuous survey. A small portion of this study was performed with substrate yielding lower levels of activity, but this is specified in the appropriate section.
'Supplied by the Armour Pharmaceutical Company.
•fSupplied by the Upjohn Company.
Figure 1
Demonstration of plasminogen activator in the adventitial layer of an aorta through use of tinheated fibrin plates (intima is on the left).
Results

General Characteristics of the Arterial Plasminogen Activator
Location of Enzyme Activity
Samples of aorta were easily separated into their three layers (intima, media, and adventitia) by blunt dissection following preparation of 5-mm. disks with the skin punch. The disks of the individual layers of aorta were then tested on unheated fibrin plates ( fig. 1 ). Of 10 specimens tested in this manner, plasminogen-activator activity appeared in the adventitial layer in all, and in the intimal layer in one. In no case was activity observed in the media.
It was not possible to dissect smaller vessels, such as the coronary, into their three components ; but it was observed that when the disk of tissue was placed upon the fibrin plate with its intimal surface facing downward, lysis of the fibrin occurred only around the tissue specimen and not directly beneath the surface. This was true for all vessels studied. It was of interest, however, that when a portion of an aorta containing atherosclerotic ulcerations was placed upon its intimal surface, slight zones of lysis could be observed which corresponded in shape and location to the ulcerated areas.
These findings indicate that the plasminogen activator is normally located in the adventitial layer of arteries, but such activity might also be seen in low titer within ulcerated areas of the intima, and occasionally within the normal-appearing intima. The enzyme activity does not appear to be able to penetrate from the adventitia to the normal endothelium. 
Figure 2
Effect of adventitial thickness upon plasminogenactivator activity. Layers of one, two, and three adventitial disks were placed upon individual fibrin plates; lytic activity was measured at intervals.
Effect of Adventitial Thickness
The thickness of the adventitia can be seen to vary among the different-sized arteries and between similar arteries of different individuals. To use a whole-tissue preparation for this enzyme assay, and to compare results between different-sized arteries and different individuals, it became necessary to evaluate the effect of tissue thickness upon enzyme activity.
Multiple disks of adventitia, each measuring approximately 0.5 mm. in thickness, were prepared from a single specimen of aorta. These were then placed upon fibrin plates in stacks of one, two, and three adventitial disks. Lytic activity was measured periodically during a 24-hour period, and the results for the three preparations were plotted ( fig. 2 ). The reaction was seen to follow a linear curve, and no difference was observed between the three different thicknesses of adventitia in either rate or total enzyme activity. It was concluded that plasminogen-activator activity of aortic adventitia was not a function of adventitial thickness. Studies involving variations in the diameter of the adventitial disk, however, demonstrated a direct relationship of enzyme activity to the exposed surface area of the tissue.
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Figure 3
Plasminogen activator in the aortas of fetuses and neivborn infants. A maturation delay is apparent until the 2,000-Gm. stage of fetal development. 
Fetal Appearance Time of Plasminogen-Activator Activity in the Aorta
The aortas from 26 newborn infants who died perinatally, and of 17 children less than eight years of age were studied for plasminogen activator ( fig. 3 and table 1). Of 13 fetuses weighing less than 2,000 Gm., 10 lacked appreciable enzyme activity (trace of activity in two of these). Only 2 of the 13 infants weighing over 2,000 Gm. lacked such activity (trace of activity in one of these), and only 2 of the 17 specimens from children six days to eight years of age failed to exhibit activity. The mean activity in these three groups is shown in table 1.
It is thus evident that a maturation delay exists for the appearance of plasminogen activator in the aortas of developing fetuses. The enzyme appears when the fetus attains approximately 2,000 Gm. in weight, which occurs during the eighth to ninth lunar month of fetal development.
Comparison of Plasminogen-Activator Activity in Different Arteries
The aortic arch, abdominal aorta, basilar, coronary, pulmonary, and renal arteries were chosen for study because they are representative of the various types of arteries and because of their accessibility and ease of identification at the time of routine autopsy.
All of the vessels listed here could not be studied in each individual case. To form a valid opinion of their relative activities in the majority of individuals, the arch of the aorta was chosen as a basis for comparison. Activity for each of the arteries was compared with the activity of the aortic arch taken from the same case. In this manner, the renal and pulmonary arteries could be included in the study despite the fact that they were studied with a fibrinogen substrate yielding lower levels of fibrinolytic activity. The specimens of aorta from these cases were studied with the same substrate and yielded proportionate values, thus allowing valid comparisons.
The most significant variation to be observed was that of the basilar artery, which showed consistently lower activity than its matched specimen of aortic arch (table 2) .
The mean activity for the basilar artery was 187 units, whereas that for the arch of aorta was 769 units. The distribution curve of enzyme activity for the basilar artery reveals a mode at the extreme lower values and thus represents only half of the normal curve ( fig.  4 ). The curve for the aortic arch, however, appears to have more of a normal distribution, although the limitation by zero activity does not allow as much taper at this end of the curve ( fig. 5 ). All the other arteries studied showed a curve of distribution similar to that of the aortic arch.
The pulmonary arteries and abdominal aortas did not differ significantly in enzyme activity from their matched aortic arches. However, the renal arteries showed significantly greater activity, and the coronaries also tended to surpass the aortic arch in activity, but this latter variation was only of borderline significance.
Comparison of Plasminogen-Activator Activity in Arteries of Males and Females
The mean values for enzyme activity in each group of arteries were studied for the possible detection of sexual differences (table  3) . In general, the values for females averaged higher in all groups, but only in the coronary arteries was this difference of true significance. A value of 642 ± 64 units of activity in male coronaries contrasted with 836 ± 76 units in the females. The significance of this difference was 0.1 > P > 0.05. 
Effect of Age
Sufficient data were available for coronary arteries and aortas to allow further analysis by age grouping. The nature of the population from which the tissues were obtained, however, limited the number of young adults to be studied.
It was of interest that certain differences in enzyme activity between the sexes, which were not apparent when the male and female groups were studied as a whole, did appear when the different age groups were analyzed. It is readily seen in figure 6 that the aortic arches in females under 60 years of age show much higher activator activity than do the aortic arches in the comparable male group, although the average values for activity in the aortic arch and abdominal aortas of the total male and female groups did not suggest any significant difference (mean value for males under 60 years: 616 ± 109 units, n = 19; females under 60 years: 979 ± 125, n = 21). The significance of these differences is 0.05 > P > 0.02. It is curious that enzyme activity in the abdominal aortas, (fig. 7) did not reflect such a marked difference between the sexes if the single isolated variation in the 40-to 50-year age group were discounted; in fact, there is a dissociation between the level of enzyme activity in the abdominal aortas of younger females and their aortic arches. These differences disappear in those age groups over 60 years.
The coronaries, too, showed variation of plasminogen-activator activity with age (table 4) . This variation appeared to result mainly from a lower level of activity in males less than 60 years of age. Males over 60 years showed higher levels of activity which were comparable to the activity of eoronaries from females. Females also showed somewhat higher levels of activity in their eoronaries at ages over 60 years, but with the small number of cases studied this did not prove to be statistically significant.
Effect of Atherosclerosis Upon Plasminogen-Activator Activity
The data resulting from the study of plasminogen activator in eoronaries, aortic arches, and abdominal aortas were divided into two groups according to the degree of atherosclerotic involvement: (1) none-slight; (2) moderate-marked. Further subdivision according to the sex of the specimen's donor thus allowed analysis of the data for the relationship of activator activity in these vessels to atherosclerosis in males and females, respectively (table 5) .
No statistically significant differences were observed in either sex between vessels with minimal atherosclerotic change and those with moderate to severe atherosclerosis. However, the lower level of activity in the eoronaries of females with moderate to marked atherosclerosis might prove to be significant should a larger number of cases be studied. In males, the abdominal aortas showed an opposite tendency, since activity was higher in vessels showing advanced atherosclerotic involvement. However, none of these differences could be proven statistically significant.
Discussion
The demonstration of plasminogen activator only within the adventitial layer of arteries lessens the probability of active participation by an enzyme deficiency in the pathogenesis of atherosclerosis. The normal lack of such activity from the innermost layers of arteries, however, might imply a passive role, in that the absence of fibrinolytic substances from these layers could predispose to the deposition of fibrin with all its secondary effects. This latter possibility is given strong support by the demonstration of Astrup et al. 5 ' ° that the innermost layers of the aorta contain high thromboplastic activity which could promote fibrin deposition from the circulating blood following intimal injury.
On the other hand, alterations within the adventitia, whether structural or enzymatic, should not be excluded from consideration in examining the' pathogenesis of atherosclerosis, since alterations within the adventitia may lead to medial and intimal changes. 9 Increased adventitial fibrosis could interfere with the nutrition of the arterial wall by affecting the vasa vasorum, and might also act as a splint for the elastic tissue of the media and keep it in an overextended state. 9 An investigation, therefore, of the enzymatic properties of the adventitia might be appropriate in a study of atherosclerosis.
The data resulting from this study reveal a wide variation in the levels of plasminogen activator among different individuals. A moderate variation was also observed among different vessels, with the basilar artery showing least activity; the aortic arch, abdominal aorta, and pulmonary arteries having greater activity; and the coronary and renal arteries tending to have even higher activity. The maturation delay in the appearance time of the enzyme in fetal aortas is also of interest but is typical of a number of enzymes which demonstrate such a phenomenon. 10 The higher levels of activity in the coronaries of females and in the aortic arches of females under 60 years of age compared with the tendency toward diminished activity in comparable males are of interest, but their importance cannot be assessed at this time. Finally, no correlation could be made with the degree of atherosclerotic involvement of the coronaries or aorta and the level of plasminogen activator.
In a similar study, Astrup et al. 6 utilized KSCN extracts of aortic tissue for the measurement of plasminogen activator. It is interesting that their findings clearly parallel ours in that the enzyme was localized to the adventitial layer, and fluctuations of activity could not be correlated with the degree of atherosclerosis. Their data reveal one difference from our study in that no aortas were found completely to lack enzyme activity, although a moderate number of their cases revealed very low levels. It seems certain that the use of KSCN extraction makes the assay more sensitive when extremely low levels of the enzyme are present.
From this study it would appear difficult to assign a role for the pathogenesis of atherosclerosis to the plasminogen activator of arterial tissues other than that related to its customary absence from the vascular intiina. The sexual variations are of great interest and may indicate a difference between younger males and females in the ability to handle fibrinous deposits in the vicinity of their arteries.
Summary
Arterial tissues were studied for plasminogen activator to demonstrate the possible relationship of its deficiency within the arterial wall to atherosclerosis. Activator was found primarily within the adventitia. The enzyme seemed to appear in fetuses at about the 2,000-Gm. stage of development. Different arteries showed varying activity, with the basilar artery showing least activity; the coronary and renal arteries showing the greatest activity; and the aortic arch, abdominal aorta, and pulmonary arteries falling between. The coronary arteries of females and the aortic arches of females under 60 years of age showed greater activity than those of comparable males. The degree of atherosclerotic involvement of the coronaries or aorta could not be correlated with the level of plasminogen activator.
